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(54) Three dimensional large storage random access memory device 



(57) A random access memory device (300) in- 
cludes one or more planes (200) of memory arrays (1 00) 
stacked on top of each other, each plane (200) being 
manufactured separately, and each array (1 00) with the 
plane (200) being enabled/disabled separately, thus en- 
abling each memory array (100) to be individually test- 
ed. Memory planes (200) may be stacked on top of each 
other and on top of an active circuit plane (390) to make 
a large capacity memory device (300). The memory may 
be volatile or non-volatile by using appropriate memory 
cells (140) as base units. The memory plane (200) may 



be fabricated separately from the active circuitry and 
may be formed from a glass substrate. Each memory 
plane (200) may be individually selected (or enabled) 
via plane memory select transistors (240). The array 
(1 00) may be individually selected (or enable) via array 
select transistor (160). These transistors (160) may be 
formed from amorphous silicon transistor(s) and/orthin- 
film transistor(s). The data but (310), array select bus 
(330), and the plane select bus (340) provide electrical 
connections between the memory planes (200) and the 
active circuit plane (390) via side contact pads on each 
plane (200). 
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Description 

[0001] This invention relates generally to memory de- 
vices. More particularly, the invention relates to 3-di- 
mensional large storage random access memory devic- 
es. 

[0002] The following patent applications contain relat- 
ed subject matter and are hereby incorporated by refer- 
ence: 

European Patent Applications 02256632.7, 
02256631.9, 02255452.1 and U.S. Patent Applica- 
tion Serial No. 09/924,500, entitled "ONE-TIME 
PROGRAMMABLE UNIT MEMORY CELL BASED 
ON VERTICALLY ORIENTED FUSE AND DIODE 
AND ONE-TIME PROGRAMMABLE MEMORY 
USING THE SAME" (Attorney Docket No. 
10019168-1) 

[0003] There is an ever-increasing demand for dense 
and large storage capacity in devices such as comput- 
ers, communication equipments, consumer electronics, 
etc. This has led to great improvements in the storage 
and performance of data storage devices such as hard 
disk drives, solid-state memories, etc. In hard disk 
drives, small form factors in conjunction with great im- 
provement in area density permitted development of 
high capacity disk drives. 

[0004] In integrated circuits, the development of multi- 
chip modules (MCM) and hybrid manufacturing tech- 
niques have led to great reduction in size, and in some 
cases improved performance in the final product. A 
commonly used MCM configuration for the dynamic ran- 
dom access memories (DRAM) is the single-in-line 
memory modules (SIMM). Presently, many memory 
storage devices are limited to a single layer. This is due 
generally to two factors. First, active circuitry requires 
silicon as the base material to support the operation of 
the memory such as reading and writing. To read and 
write, address decoders, read/write control logic, sense 
amplifiers, output buffers, multiplexers, and more are in- 
cluded in a memory chip. These are generally referred 
to as overhead and typically consume 20-30 percent of 
the physical memory. Preferably, this overhead is kept 
low so more space is available for memory. Second fac- 
tor limiting the memory storage device to a single array 
layer is the power dissipation constraints. 
[0005] Recently, multiple array memories fabricated 
on top of complementary metal oxide semiconductor 
(CMOS) have been proposed. However, such approach 
requires via(s) for each memory layer so that each mem- 
ory layer may be individually connected to the active cir- 
cuitry. This approach may yield a very dense and effi- 
cient memory design for a few layers. But as number of 
layers increases, the number of via(s) increases to the 
point where it become difficult to route the signals from 
memory arrays to the CMOS layer and the routing paths 
become longer such that this design become less effi- 



cient, more complex, and the cost increases as well. The 
vias may be made small to overcome some of the prob- 
lems. However, smaller vias correspondingly increase 
the risk of defects and increase the difficulty in align- 

5 ment. In addition, interconnects between array layers 
becomes more difficult and complex. 
[0006] In addition, the yield of the memory devices is 
relatively low. The low yield is due to the fact that an 
individual memory layer cannot be sorted and rejected 

10 from a stack of layers. To illustrate, if a single memory 
layer has a probability p(x) of being defective, then it is 
readily apparent that an MCM memory made of multiple 
layers has a probability greater than p(x) of having at 
least one defective layer. Because of the inability to sort 

'5 and reject defects on an individualized memory layer 
level, the overall quality of the memory device suffers 
and, thus, the yield is low. 

[0007] In one respect, an exemplary embodiment of 
a memory array may include a non-silicon based sub- 

20 strate. The memory array may also include a row con- 
ductor formed above the non-silicon based substrate 
and extending in a row direction and a column conductor 
formed above the non-silicon based substrate and ex- 
tending in a column direction such that a cross-point is 

25 formed at an intersection between the row conductor 
and the column conductor. In the cross point, a memory 
cell may be formed. The memory array may further in- 
clude an array enable circuit connected to enable/disa- 
ble at least one of the row conductor and the column 

30 conductor. 

[0008] In another respect, an exemplary embodiment 
of a memory plane may include a non-silicon based sub- 
strate and one or more memory arrays formed above 
the non-silicon based substrate. Each memory array 

35 may include a row conductor extending in a row direc- 
tion and a column conductor extending in a column di- 
rection such that a cross-point is formed at an intersec- 
tion between the row conductor and the column conduc- 
tor. Each memory array may also include a memory cell 

40 formed in the cross-point, and an array enable circuit 
connected to enable/disable at least one of the row con- 
ductor and the column conductor. 
[0009] In a further respect, an exemplary embodiment 
of a memory device may include an active circuit plane, 

45 for example CMOS circuit plane, and one or more mem- 
ory planes formed above the active circuit plane. Each 
memory plane may include a non-silicon based sub- 
strate one or more memory arrays formed above the 
non-silicon substrate. Each memory array of each mem- 

50 ory plane may include a row conductor extending in a 
row direction and a column conductor extending in a col- 
umn direction such that a cross-point is formed at an 
intersection between the row conductor and the column 
conductor. Each memory array may also include a mem- 

55 ory cell formed in the cross-point, and an array enable 
circuit connected to enable/disable at least one of the 
row conductor and the column conductor. 
[0010] In yet another respect, an exemplary embodi- 
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ment of a method to fabricate a memory device may in- 
clude forming an active circuit plane and forming one or 
more memory planes above the active circuit plane. The 
method may also include forming a non-silicon based 
substrate for each memory plane. For each memory 
plane, the may further include forming one or more 
memory arrays above the non-silicon substrate. In ad- 
dition, for each memory array, the method may include 
forming a row conductor extending in a row direction and 
forming a column conductor extending in a column di- 
rection such that a cross-point is formed at an intersec- 
tion between the row conductor and the column conduc- 
tor. The method may still further include forming a mem- 
ory cell in the cross-point and forming an array enable 
circuit connected to enable/disable at least one of the 
row conductor and the column conductor for each mem- 
ory array. 

[0011] The above-disclosed embodiments of the 
present invention may be capable of achieving certain 
aspects. For example, the memory device may be made 
with stacking multiple planes of memory arrays, with 
each plane being fabricated individually. This eliminates 
the need to fabricate vias and thus the relative complex- 
ity of the device is reduced. Also, each array may be 
individually enabled and disabled, for example through 
an array select line. Thus defective arrays and/or planes 
may be sorted out prior to completing the device, which 
results in increased yield and quality. Further, because 
the memory planes may be made separately from the 
active circuitry, substrates of the memory planes may 
be formed from materials other than silicon. Furtheryet, 
memory planes without including overheads such as 
read/write control logic, sense amplifiers, output buffers, 
and multiplexers may be fabricated, which increases the 
capacity by enabling more space to be dedicated to 
memory. Still further, stacking allows very high capacity 
to be achieved. In addition, the memory may be volatile, 
non-volatile, random access or one-time programma- 
ble. 

[0012] Features and advantages of the invention will 
become apparent to those skilled in the art from the fol- 
lowing description with reference to the drawings, in 
which: 

Fig. 1A illustrates an exemplary embodiment of a 
memory array according to the principles of the in- 
vention; 

Fig. 1 B illustrates a second exemplary embodiment 
of a memory array according to the principles of the 
invention; 

Fig. 2 illustrates an exemplary embodiment of a 
memory plane according to the principles of the in- 
vention; 

Fig. 3 illustrates an exemplary embodiment of a 
memory device according to the principles of the in- 
vention; and 

Fig. 4 is a flow chart representing an exemplary 
method to fabricate the memory device of Fig. 3 ac- 



cording to an aspect of the present invention. 

[0013] For simplicity and illustrative purposes, the 
principles of the invention are described by referring 

5 mainly to exemplary embodiments thereof. However, 
one of ordinary skill in the art would readily recognize 
that the same principles are equally applicable to many 
types of solid-state memories and methods of fabricat- 
ing and using thereof. 

10 [0014] In accordance with the principles of the inven- 
tion, fabricating multiple layers of memory arrays on top 
of one another may increase the capacity of a memory 
device. In an aspect of the invention, planes of memory 
arrays may be stacked to form a three-dimensional 

15 (3-D) memory device. Each plane may incorporate one 
or more memory arrays. 

[0015] Fig. 1A illustrates an exemplary embodiment 
of a memory array 1 00 according to the principles of the 
invention. As shown in Fig. 1A, the memory array 100 
20 may include a substrate 1 1 0. The substrate 1 1 0 may be 
silicon or non-silicon based. Examples of non-silicon 
based substrate include materials of plastic, glass, ce- 
ramics, non-metals such as electrical insulators, and the 
like. 

25 [0016] Above the substrate 110, one or more row con- 
ductors 120 and one or more column conductors 130 
may be formed. The row and column conductors 120 
and 130 may extend in a row direction and column di- 
rection, respectively, to form a cross-point at each inter- 

30 section. At a cross-point, a memory cell 140 may be 
formed. Each memory cell 140 may be individually ad- 
dressable through the respective row and column con- 
ductors 1 20 and 1 30, respectively. The memory cell 1 40 
may be read-only, randomly accessible, or one-time 

35 programmable, thus allowing the memory array 1 00 to 
be a read-only memory (ROM), random access memory 
(RAM), or one-time programmable memory (OTP), re- 
spectively. For example, the memory cell 1 40 may be a 
fuse memory cell, a fuse/diode memory cell, a fuse/anti- 

40 fuse memory cell, a magnetic memory cell, a diode 
memory cell, a magnetic/diode memory cell, a phase 
change memory cell, a resistive element cell, and the 
like. 

[0017] The memory array 100 may also include an ar- 
45 ray enable circuit 1 70. The array enable circuit 1 70 may 
include one or more array enable transistors 160 For 
example, four groups of array enable transistors 1 60 are 
shown in Fig. 1A. Each row or column conductor, 120 
or 130, respectively, may be connected to one or more 
so array enable transistors 160. For example, as shown in 
Fig. 1A, each row or column conductor, 120 or 130, re- 
spectively, may be connected to two array enable tran- 
sistors 160 on both ends. Conduction through the row 
conductor 1 20 or the column conductor 1 30 is enabled 
55 or disabled through controlling the array enable transis- 
tors 160. The array-enable transistors 160 may be 
formed from microcrystalline silicon transistors, amor- 
phous silicon transistors, or any enable switches that do 
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not require silicon substrate. 

[0018] The memory array 1 00 may further include an 
array select line 1 50 connected to the array-enable tran- 
sistors 160. By controlling the signal to the array select 
line 150. the memory array 100 may be selected or dis- 
abled. Typically, in a multiple arrays setting, a single ar- 
ray line 150 is dedicated to one array 100 and is not 
shared with any other array 100. 

[0019] Note that it's not necessary that both ends of 
the row or the column conductor 1 20 or 1 30 be connect- 
ed to the array-enable transistor 1 60. Fig. 1 B illustrates 
a second exemplary embodiment of a memory array ac- 
cording to the principles of the invention. As shown, only 
one of the ends of the row and column conductors, 1 20 
and 1 30, respectively, are connected to the array enable 
transistors 160. Configurations other than Figs. 1Aand 
1 B are possible without departing from the scope of the 
invention. 

[0020] Regardless of whether the memory array 1 00 
is silicon or non-silicon based, it is note worthy that the 
memory array need not include overhead such as sense 
amplifiers, output buffers, decoders, multiplexers, and 
the like. A single active circuitry layer may provide the 
memory location selections, sense amplifiers, and read 
and write controls. 

[0021] While individual memory arrays 100 may be 
stacked to form a 3-D memory device, planes of memory 
arrays may be fabricated according to another aspect 
of the present invention. The planes of memory arrays 
then may be sorted and stacked to form a 3-D memory 
device, which relatively increases the storage capacity 
of the device. 

[0022] Fig. 2 illustrates an exemplary embodiment of 
a memory plane 200 according to the principles of the 
invention. As shown in Fig. 2, the memory plane 200 
may include one or more memory arrays 1 00, for exam- 
ple the memory arrays 100 of Figs. 1 A and 1B, formed 
above the substrate 110 (not shown). Again, the sub- 
strate 110 may be silicon or non-silicon based. The 
memory plane 200 may also include one or more row 
buses 210 and one or more column buses 220. The row 
buses 210 may electrically connect to the row conduc- 
tors 120 (not labeled) of the memory arrays 100. Simi- 
larly, the column buses 220 may electrically to the col- 
umn conductors 130 (also not labeled) of the memory 
arrays 1 00. Through the row and column buses 21 0 and 
220, an individual memory cell 140 (not shown in Fig. 
2) of individual memory arrays 1 00 may be addressed. 
[0023] The memory plane 200 may further include a 
plane enable circuit 250. The plane enable circuit 250 
may include one or more plane-enable transistors 240. 
For example, four groups of plane-enable transistors 
240 are shown in Fig. 2. Data flow to and from the row 
and column buses, 21 0 and 220, and consequently from 
the memory cells 1 40 (not shown in Fig. 2) of the mem- 
ory arrays 1 00 may be enabled or disabled through con- 
trolling the plane enable transistors 240. The plane-en- 
able transistor 240 may be formed from microcrystalline 



thin-film transistor, amorphous thin-film transistor, or 
any enable switch that do not require silicon substrate. 
[0024] A plane select line 270 may be included in the 
memory plane 200, in which the plane select line 270 is 
5 connected to the plane enable transistors 240. In this 
manner, by controlling the signal to the plane select line 
270, the memory plane 200 may be enabled or disabled. 
[0025] The memory plane 200 may yet further include 
one or more data side contact pads 230. The data side 

io contact pads 230 may electrically connect with the row 
and column buses, 210 and 220, via the plane enable 
transistors 240. The memory plane 200 may be fabri- 
cated so that when multiple memory planes 200 are 
stacked, the data side contact pads 230 of the memory 

15 planes 200 are aligned for the next conductor process 
step to form data buses 310 (see Fig. 3). In this manner, 
the need to fabricate the interconnect vias between 
planes may be eliminated and the relative complexity of 
the device may be reduced. 

20 [0026] Note that the array select line 1 50 of individual 
memory arrays 100 may come together to form a plu- 
rality of array select lines 260. The memory plane 200 
and the active circuit plane 390 may be fabricated so 
that when multiple memory planes 200 are stacked to- 

25 gether, the data side contact pads 230 are aligned that 
ease the interconnection of multiple memory planes and 
the active circuit plane. A deposition, plating or screen- 
ing conductor process step may be used for the inter- 
connections and to form array select bus 330 (see Fig. 

30 3). Since the conductors of the array select bus 330 are 
physically wide, this process is easily accomplished. 
[0027] Fig. 3 illustrates an exemplary embodiment of 
a memory device 300 according to the principles of the 
invention. As shown, the memory device 300 may in- 

35 elude one or more memory planes 200 stacked to form 
a 3-D memory. The memory device 300 may also in- 
clude an active circuit plane 390. The active circuit plane 
390 may be built on a silicon substrate and may contain 
circuits necessary to address the memory arrays 1 00 of 

40 memory planes 200 including overhead elements such 
as address decoders, read/write control logic, sense 
amplifiers, output buffers, multiplexers. 
[0028] The memory device 300 may further include 
one or more data buses 310. The data buses 310 may 

■*5 be formed from a conductor process step to connect the 
aligned data side contact pads 230 (see Fig. 2) of the 
memory planes 200. Note that the active circuit plane 
390 may also include data side contact pads that are 
aligned and electrically connected to the data side con- 
so tact pads 230 of the memory planes 200 as well. 

[0029] The memory device 300 may still further in- 
clude the array select bus 330. The array select bus 330 
may be formed from a conductor process that connect 
electrically the plurality of array select lines 260 through 

55 the array select side contact pads 265 on the memory 
planes 200 and the array select side contact pads on 
the active plane 390. Note that the active circuit plane 
390 may also include array select lines and array select 
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side contact pads that aligned with the array select side 
contact pad 265 of the memory planes 200 as well. 
[0030] The memory device 300 may include a plane 
select bus 340. The plane select bus 340 may be formed 
from combination of the plane select lines 270 and a 
plane select side contact pad 275 (see Fig. 2) of individ- 
ual memory planes. A conductor process step intercon- 
nects electrically the plane select lines 270 via the plane 
select side contact pad 275 on the individual memory 
planes 200 to the active circuit plane 390. Each plane 
200 may have a separate plane select line 270, but the 
array select bus 330 may shared among the planes 200. 
[0031] Fig. 4 is a flow chart representing an exemplary 
method 400 to fabricate the memory device 300 of Fig. 
3 according to an aspect of the present invention. As 
shown in Fig. 4, the active circuit plane 390 may be fab- 
ricated (step 410). Also, one or more memory planes 
210 may be fabricated (steps 420 and 430). Note that 
fabricating the active circuit plane 390 may take place 
before, after, or simultaneously with fabricating the 
memory planes 200. 

[0032] Then, the memory planes 200 may be sorted 
according to a predetermined errorthreshold (step 440). 
For example, a threshold may be set to reject any mem- 
ory plane 200 with more than 1 0% of the memory arrays 
1 00 being defective. Thus if each memory plane 200 has 
sixteen memory arrays 1 00, then a plane 200 with more 
than one defective array 1 00 will be rejected. Such con- 
trol assures that the resulting device meets a preset tol- 
erance for defects. To sort out bad a memory plane, a 
tester or an electronics assembly that have read/write 
and control functions similar to the active circuit plane 
may be used. The screening step 440 is done at wafer 
probe testing stage before the wafers are diced into in- 
dividual planes 200. A wafer may contain several planes 
200. 

[0033] Indeed, multiple threshold levels may be used 
to sort the memory planes 200. For example, it may be 
possible that certain applications may be able to tolerate 
more defects than others. In this manner, varying defect 
tolerance levels can be assured in the memory devices. 
[0034] Then to complete the process, the active circuit 
plane 390 and the memory planes 200 may be stacked 
and bonded with adhesive material to hold them togeth- 
er. The stacking process also aligned the side contact 
pads (data 230, array select 265, and plane select 275) 
of the memory planes 200 and the active circuit planes 
390. The conductor process forms the plane intercon- 
nect conductors 310, 330, and 340 to make electrical 
connections between memory planes and the active cir- 
cuit plane. The memory stacks are then sent through a 
packaging process to form the memory device 300. 
[0035] While the invention has been described with 
reference to the exemplary embodiments thereof, those 
skilled in the art will be able to make various modifica- 
tions to the described embodiments of the invention 
without departing from the true spirit and scope of the 
invention. For example, the terms "row" and "column" 



are merely relative, and do not imply any fixed orienta- 
tion. Also, "rows" and "columns" are interchangeable, in 
that others may refer to "rows" what this document calls 
columns and vice versa. The terms "row" and "column" 
do not necessarily imply an orthogonal relationship, al- 
though that is what has been illustrated herein. The 
terms and descriptions used herein are set forth by way 
of illustration only and are not meant as limitations. In 
particular, although the method of the invention has 
been described by examples, the steps of the method 
may be performed in a different order than illustrated or 
simultaneously. Those skilled in the art will recognize 
that these and other variations are possible within the 
scope of the invention as defined in the following claims 
and their equivalents. 



20 1. A memory plane (200), comprising: 
a substrate (110); 

a plurality of array select lines (150) formed 
above said substrate (110); 

25 a plane-enable circuit (250) formed above said 

substrate (110) and configured to enable/disa- 
ble said memory plane (200); 
a plane select line (270) electrically connected 
to said plane-enable circuit (250); and 

30 one or more memory arrays (100) formed 

above said substrate (110), wherein at least 
one memory array (100) includes: 

one or more row conductors (120) formed 
35 above said substrate (110) and extending 

in a row direction; 

one or more column conductors (130) 
formed above said substrate (110) and ex- 
tending in a column direction such that a 
cross-point is formed at each intersection 
between said row (120) and column con- 
ductors (130); 

a memory celt (140) formed in one or more 
of said cross-points, and 
•« an array-enable circuit (1 70) configured to 

enable/disable said memory array (100) 
and electrically connected at least one of 
said plurality of array select lines (150). 

50 2. The memory plane (200) of claim 1, further compris- 



a row bus (210) electrically connected to said 
one or more row conductors (120) of said one 
or more memory arrays; and 
a column bus (220) electrically connected to 
said one or more column conductors (130) of 
said one or more memory arrays (100). 
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3. The memory plane (200) of claim 1 , wherein said 
substrate (110) is silicon based and wherein each 
of said one or memory arrays (1 00) excludes sense 
amplifiers, output buffers, decoders, and multiplex- 
ers. 5 

4. The memory plane (200) of claim 1 , wherein said 
substrate (110) is non-silicon based and is formed 
from base materials of at least one of a plastic, 
glass, ceramic, and non-metal. w 

5. The memory plane (200) of claim 1 , wherein said 
memory cell (140) includes at least one of a fuse 
memory cell, a fuse/diode memory cell, a fuse/anti- 
fuse memory cell, a magnetic memory cell, a diode ?5 
memory cell, a magnetic/diode memory cell, a 
phase change memory cell, and a resistive element 
cell. 

6. A memory device (300), comprising: 20 

an active circuit plane (390); 

a data bus (31 0) electrically connected to said 

active circuit plane (390); 

a plane select bus (340) electrically connected 25 

to said active circuit plane (390); 

an array select bus (330) electrically connected 

to said active circuit plane (390); and 

one or more memory plane (200)s stacked 

above said active circuit plane (390), wherein 30 

at least one memory plane (200) includes: 

a substrate (110); 

a plurality of array select lines (1 50) formed 
above said substrate (110) and electrically 35 
connected to said array select bus (330); 
a plane-enable circuit (250) configured to 
enable/disable said memory plane (200); 
a plane select line (270) electrically con- 
nected to said plane enable-circuit (250) 40 
and to said plane select bus (340); and 
one or more memory arrays (100) formed 
above said substrate (110), wherein at 
least one memory array (100) includes: 

45 

one or more row conductors (120) 
formed above said substrate (110) and 
extending in a row direction; 
one or more column conductors (130) 
formed above said substrate (110) and so 
extending in a column direction such 
that a cross-point is formed at each in- 
tersection between said row and col- 
umn conductors; 

a memory cell (140) formed in one or 55 
more of said cross-points; and 
an array-enable circuit (170) config- 
ured to enable/disable said memory 



array (1 00) and electrically connected 
at least one of said plurality of array se- 
lect lines (150). 

7. The memory device (300) of claim 6, wherein said 
at least one memory plane (200) further comprises: 

a row bus (210) electrically connected to said 
one or more row conductors (120)of said one 
or more memory arrays; and 
a column bus (220) electrically connected to 
said one or more column conductors (130)of 
said one or more memory arrays. 

8. The memory device (300) of claim 7, wherein said 
at least one memory plane (200) further comprises 
at least one of: 

a plurality of data side contact pads (31 0) elec- 
trically connected to said row (21 0) and column 
(220) buses; 

a plurality of array select side contact pads 
(330) electrically connected to said array select 
lines (150); and 

a plane select side contact pad (340)n electri- 
cally connected to said plane select line (270). 

9. The memory device (300) of claim 8, wherein at 
least one of: 

said plurality of data side contact buses (310) 
are aligned and electrically connect to said data 
bus (310); 

said plurality array select side contact pads 
(330) are aligned and electrically connect to 
said array select bus (330); and 
said plane select side contact pad (340) elec- 
trically connects with a line of said plane select 
bus (340). 

10. The memory device (300) of claim 6, wherein said 
plurality of array select lines (150) of said memory 
plane (200)s are electrically connected to from said 
array select bus (330). 
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(54) Three dimensional large storage random access memory device 



(57) A random access memory device (300) in- 
cludes one or more planes (200) of memory arrays (1 00) 
stacked on top of each other, each plane (200) being 
manufactured separately, and each array (1 00) with the 
plane (200) being enabled/disabled separately, thus en- 
abling each memory array (100) to be individually test- 
ed. Memory planes (200) may be stacked on top of each 
other and on top of an active circuit plane (390) to make 
a large capacity memory device (300). The memory may 
be volatile or non-volatile by using appropriate memory 
cells (140) as base units. The memory plane (200) may 



be fabricated separately from the active circuitry and 
may be formed from a glass substrate. Each memory 
plane (200) may be individually selected (or enabled) 
via plane memory select transistors (240). The array 
(1 00) may be individually selected (or enable) via array 
select transistor (160). These transistors (160) may be 
formed from amorphous silicon transistor(s) and/orthin- 
film transistor(s). The data but (310), array select bus 
(330), and the plane select bus (340) provide electrical 
connections between the memory planes (200) and the 
active circuit plane (390) via side contact pads on each 
plane (200). 
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